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Back ground of the Invention 

This invention relates to gypsum slurry compositions. Different kinds of molded 
gypsum objects such as gypsum boards, gypsum plasters and gypsum blocks are 
produced generally by preparing a gypsum slurry composition containing gypsum, a 
dispersant and water, pouring it into a mold form and thereafter drying it such that it 
becomes coagulated and hardened. For such a production process, the gypsum slurry 
composition is required to have sufficient fluidity and to be capable of exhibiting a 
superior strength after it has been hardened. This invention relates to gypsum slurry 
compositions satisfying such requirements. 

Examples of gypsum slurry composition of a known kind include those 
containing not only gypsum and water but also, as a dispersant for gypsum, an anionic 
surfactant such as lignin sulfonate and naphthalene sulfonate formalin condensation 
product (such as described in Japanese Patent Publication Tokkai 1-188448), a water- 
soluble vinyl copolymer obtained by copolymerizing monoester of maleic acid, a, ^- 
unsaturated monocarboxylic acid and (meth)allyl ether having polyoxyalkylene group 
(such as described in Japanese Patent Publication Tokkai 2002-3257), a water-soluble 
vinyl copolymer obtained by copolymerizing a, |3-unsaturated monocarboxylic acid or its 
anhydride and alkenyl ether such as allyl ether with polyoxyalkylene group (such as 
described in Japanese Patent PubUcation Tokkai 11-314953) or a water-soluble vinyl 
copolymer obtained by copolymerizing ester of a, ^-unsaturated monocarboxyUc acid 
with polyoxyalkylene group, a, jS-unsaturated monocarboxylic acid and allyl sulfonic 
acid (such as described in Japanese Patent PubUcation Tokkai 8-217505 and U.S. Patent 
6,527,850). 

These prior art gypsum slurry compositions are not satisfactory because their 
fluidity is not sufficient, unstable bulky air bubbles are likely to be generated at the time 
of their production and the molded products obtained therefrom are not sufficiently 
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strong probably due to such air bubbles that are introduced into the hardened molded 
object. 

Summary of the Invention 

It is therefore an object of this invention to provide gypsum slurry compositions 
with sufficient fluidity that do not generate many air bubbles at the time of the production 
such that molded objects with improved strength can be obtained. 

The invention is based on the discovery by the present inventors as a result of 
their diligent studies that gypsum slurry compositions containing gypsum, water and a 
specified kind of graft copolymer substance as a dispersant for gypsum at a specified 
ratio of 0.01-1 .0 weight part per 100 weight parts of gypsum satisfy the aforementioned 
object. 

Detailed D escri ption of the Invention 

The invention relates to a gypsum slurry composition characterized as containing 
gypsum, a dispersant therefor in the amount of 0.01-1.0 weight part for 100 weight parts 
of gypsum and water wherein the dispersant is one or more selected fix)m the group 
consisting of graft copolymers obtamed by the first and second processes described 
below and their salts obtained further by the third process to be described below: 

The first process: The process of obtaining a copolymer of weight-average 
molecular weight of 5000-70000 by radical copolymerization of radical reactive 
monomer mixture containing maleic anhydride and monomers shown by Formula (1) 
given below by 95 molar % or greater at a molar ratio of 50/50 - 70/30 where Formula (1) 



is give as: 



CH2=CH-CH2-0-A'-0-R'; 



coi 



) 



The second process: The process of obtaining a graft copolymer by graft 
polymerization of 100 weight parts of the copolymer obtained in the first process with 
0.05-5 weight parts of polyether compound shown by Formula (2) given as: 
R^-O-A^-OH; 

The third process: The process of carrying out partial or complete 
neutralization of the graft copolymer obtained in the second process by using one or more 
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selected from the group consisting of alkali metal hydroxides, alkaline earth metal 
hydroxides and amines to obtain a partially or completely neutralized salt of the graft 

copolymer; ^ 

where R' is acetyl group, methyl group or hydrogen atom; R is aliphatic 
hydrocarbon group with 8-20 carbon atoms; is a residual group obtained by removing 
all hydroxyl groups from (poly)alkylene glycol having a repetition number of 1-150 for 
oxyalkylene units composed only of oxyethylene units or of both oxyethylene and 
oxypropylene units; and is a residual group obtained by removing all hydroxyl groups 
from polyalkylene glycol having a repetition number of 23-70 for oxyalkylene units 
composed of both oxyethylene and oxypropylene units that are comiected in blocks. 

Gypsum slurry compositions of this invention are characterized as comprising 
gypsum, a dispersant therefor and water and wherein a specified kind of graft copolymer 
substance is used as the dispersant. Examples of such graft copolymer substance include 
(1) graft copolymers obtained through aforementioned first and second processes and (2) 
salts of graft copolymers obtained fiirther through aforementioned third process. 

The first process is for obtaining a copolymer by radical copolymerization of 
radical reactive monomer mixture. A mixture containing maleic anhydride and 
monomers shown by Formula (1) by more than 95 molar % and at a molar ratio of 50/50 
- 70/30 and more preferably 55/45 - 65/35 is used as the radical reactive monomer 

mixture for this purpose. 

Regarding Formula (1), V may be (1) a residual group obtained by removing all 
hydroxyl groups from (poly)ethylene glycol with oxyalkylene units consisting only of 
oxyethylene units or (2) a residual group obtained by removing all hydroxyl groups from 
(poly)ethylene (poly)propylene glycol with oxyalkylene units including both oxyethylene 
and oxypropylene units, hi the case of (2), the oxyethylene and oxypropylene units may 
be comiected either by random comiection, block comiection or by both, but the examples 
of (1) are more preferable. Tlie repetition number of the oxyalkylene units constituting 
A' is set to be 1-150 but it is preferably in the range of 10-90. 

Regardmg Formula (1), R' may be acetyl group, methyl group or hydrogen atom 
3 but acetyl and methyl groups are preferred. 
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Examples of monomer shown by Fonnula (1) as explained above include (1) 
allyl-co-acetyl-(poly)oxyethylene. (2) a-allyl-«-acetyl-(poly)oxyethylene 
(poly)oxypropylene, (3) c^allyl-co-methoxy-(poly)oxyethylene, (4) o.allyl-a,-methoxy- 
(poly)oxyethylene (poly)oxypropylene, (5) t^allyl-a)-hyroxy-(poly)oxyethylene, and (6) 
a-allyl-w-hyroxy-(poly)oxyethylene(poly)oxypropylene. 

The radical reactive monomer mixtures for the first process contain maleic 

anhydride and monomers shown by Formula (1) by 95 molar % or more. In other words, 

radical reactive monomers of other kinds may be contained by up to 5 molar %. 

Examples of such other kinds of radical reactive monomer include styrene. vinyl acetate. 

acryUc acid, acrylates, alkyl acrylates, (meth)allyl sulfonic acid and (meth)allyl 

sulfonates. 

In the first process, a radical initiator is added to such a radical reactive monomer 
mixture for a radical polymerization process to obtain copolymers with weight-average 
molecular weight (hereinafter always weight-average molecular weight Pullulan 
convertedbyGPCmethod)of5000-70000,orpreferably 10000-50000. Theradical 
polymerization may be carried out by (1) the method of not using any solvent for the 
radical polymerization of radical reactive monomer mixture or (2) the method of 
dissolving the radical reactive monomer mixture in a solvent such as benzene, toluene, 
xylene, methyl isobutyl ketone or dioxane for the radical polymerization, but the method 
of (1) is preferable and it is more preferable to obtain copolymers with weight-average 
molecular weight of 10000-50000. For carrying out the method of (1), the radical 
reactive monomer mixture is placed inside a reactor and a radical initiator is added to it 
under a nitrogen atmosphere to cause a polymerization reaction at 60-90°C for 5- 1 0 hours 
and to obtain copolymers. For controlling the radical polymerization reaction either by a 
method of (1) by using a solvent or by a method of (2) by not using any solvent, the kind 
and used amount of radical initiator and chain transfer agent, the polymerization 
temperature and time of polymerization reaction are appropriately selected. Examples of 
the radical initiator to be used for the purpose of this invention include azo initiators such 
as azobisisobutyronitrile and 2,2'-azobis (4-methoxy-2.4-dimethylvaleronitrile) and 
organic peroxide initiators such as benzoyl peroxide, lauroyl peroxide and cumene 
hydroperoxide. 
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The second process is for obtaining graft copolymers by a graft reaction of 
copolymers obtained in the first process with a polyether compound. ^ 

Regarding the polyether compounds shown by Formula (2), may be (1) 
saturated aliphatic hydrocarbon groups with 8-20 carbon atoms such as octyl group, 
nonyl group, decyl group, undecyl group, dodecyl group, tridecyl group, tetradecyl 
group, pentadecyl group, hexadecyl group, octadecyl group, isooctadecyl group and 
dodecyl group and (2) unsaturated aliphatic hydrocarbon groups with 8-20 carbon atoms 
such as decenyl group, tetradecenyl group, octadecenyl group and eicosenyl group but 
aliphatic hydrocarbon groups with 10-20 carbon atoms are preferable and unsaturated 
aliphatic hydrocarbon groups with 12-18 carbon atoms are even more preferable. 

Regarding the polyether compounds shown by Formula (2), is a residual group 
obtamed by removing all hydroxyl groups from polyalkylene glycol having a repetition 
number of 23-70 for oxyalkylene units composed of both oxyethylene and oxypropylene 
units that are comiected in blocks but residual groups obtained by removing all hydroxyl 
groups from polyalkylene glycol having the repetition number of oxyethylene units equal 
to 3-10 and that of oxypropylene units equal to 20-60 are preferable. Polyether 
compounds shown by Formula (2) described above can be synthesized by any known 
method for the block addition reaction of ethylene oxide and propylene oxide at the rate 
of 23-70 moles for one mole of aliphatic alcohol with 8-20 carbon atoms. 

Graft copolymers are obtained in the second process by a graft reaction of 100 
weight parts of copolymers obtamed in the first process with 0.05-5 weight parts, or 
preferably 0.2-4 weight parts, of polyether compounds shown by Formula (2) as 
explained above. Any known method of graft reaction may be used for this purpose. For 
example, copolymers obtained in the first process, polyether compounds shown by 
Formula (2) and a basic catalyst may be placed inside a reactor to carry out a graft 
reaction at 100°C for 4-6 hours in a nitrogen atmosphere to obtain graft copolymers. Any 
basic catalyst commonly used for the ring opening esterification of acid anhydride and 
alcohol may be used but amine catalysts are preferred and lower alkyl amines are 

particularly preferred. 

Examples of graft copolymer substance to be used as a dispersant for gypsum for 
the production of gypsum slurry compositions of this invention include not only those 
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ftat may be obtained by the aforementioned first and second processes but also the salts 
of such graft copolymers obtained firter through the aforementioned third process. The 
third process is for obtaining sate of graft copolymers by partially or completely 
neutralizing ^ft copolymers obtained by the second process by using a basic compound. 

5 Examples of basic compound that may be used for the third process mclude (1) 
hydroxides of alkaH metals such as sodium hydroxide and potassium hydroxide. (2) 
hydroxides of alkaline earth metal such as calcium hydroxide and magnesium hydroxide, 
and amines such as ammoma and trielhanol amine. One or more of these may be used. 
These graft copolymers may be used either singly or as a mixture of two or more as a 

.0 dispersant for gypsum for the production of gypsum slurry compositions of ths 
invention. 

Examples of gypsum to be used for the production of gypsum slurry compositions 
of this invention include by-product gypsum such as gypsum hemihydrate, gypsum 
dihydrate, anhydrous gypsum, phosphogypsum and fluorogypsum but gypsum 

1 5 hemihydrate is preferred. 

As explained above, gypsum slurry compositions of this invention are 
characterized as comprising gypsum, a graft copolymer substance as a dispersant for 
gypsum and water but the graft copolymer substance as dispersant is contained at the rate 
of 0 01 - 1 .0 weight, and preferably 0.05-0.5 weight parts, for 100 weight parts of 
20 gypsum. If the content of graft copolymer substance is less than 0.01 weight parts for 
100 weight parts of the gypsum, the fluidity of the gypsum slurry compositions is 
adversely affected. If it becomes greater than 1.0 weight part, on the other hand, the time 
for coagulation of the gypsum slurry composition becomes too long and the ability to 
exhibit strength in a short time becomes low. 
25 There is no stringent limitation on the ratios of water and gypsum in the gypsum 

slurry compositions of this invention but it is preferable to adjust the ratio of water to 
gypsum in the range of 20-75 weight % and more preferable to make is 30-60 weight %. 

In addition to gypsum, graft copolymer substance as dispersant and water, 
gypsum slurry compositions of this invention may also contain additives of known kinds 
30 such as a bulking agent, aggregates, fiber reinforcers and preforms, depending on the 
purpose of use. 
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The invention is described next in terms of the following ten embodiments. 



Embodiment 1 : Gypsum slurry composition with water-to-gypsum ratio of 
50 weight % and containing 0.04 weight parts of graft copolymer (P-1) obtained by the 
following first and second processes for 100 weight parts of gypsum hemihydrate 
(calcined gypsum): 

First process: Process of obtaining copolymers with weight-average molecular 
weight of 15000 by radical polymerization of radical reactive monomer mixture 
containing maleic anhydride and a-allyl-u-acetyl-polyoxyethylene (n=10, where and 
hereafter n is the repetition number of oxyethylene units) at molar ratio of 60/40 and with 

total of 100 molar %. 

Second Process: Process of obtaining graft copolymer (P-1) by graft reaction 
of 100 weight parts of copolymers obtained in the first process and 0.3 weight parts of 
oleyl-w-hydoxy-polyethylene (n=6) polyoxypropylene (m=43, where and hereafter m is 
the repetition number of oxypropylene units). 

Embodiment 2: Gypsum slurry composition with water-to-gypsum ratio of 
50 weight % and containing 0.04 weight parts of graft copolymer (P-2) obtained by the 
following first and second processes for 100 weight parts of gypsum hemihydrate 
(calcined gypsum): 

First process: Process of obtaining copolymers with weight-average molecular 
weight of 33400 by radical polymerization of radical reactive monomer mixture 
containing maleic anhydride and a-allyl-u-acetyl-polyoxyethylene (n=50) at molar ratio 

of 60/40 and with total of 100 molar %. 

Second Process: Process of obtaining graft copolymer (P-2) by graft reaction 
of 100 weight parts of copolymers obtained in the first process and 0.8 weight parts of of- 
oleyl-w-hydoxy-polyoxyethylene (n=6) polyoxypropylene (m=43). 

Embodiment 3: Gypsum slurry composition with water-to-gypsum ratio of 
50 weight % and containing 0.04 weight parts of graft copolymer (P-3) obtained by the 
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following first and second processes for 100 weight parts of gypsum hemihydrate 
(calcined gypsum): 

First process: Process of obtaining copolymers with weight-average molecular 
weight of 28000 by radical polymerization of radical reactive monomer mixture 
containing maleic anhydride and a-allyl-w-methyl-polyoxyethylene (n=33) at molar ratio 

of 60/40 and with total of 100 molar %. 

Second Process: Process of obtaining graft copolymer (P-3) by graft reaction 
of 1 00 weight parts of copolymers obtained in the first process and 3 weight parts of a- 
oleyl-co-hydoxy-polyethylene (n=6) polyoxypropylene (m=43). 

Embodiment 4: Gypsum slurry composition with water-to-gypsum ratio of 
50 weight % and containing 0.04 weight parts of graft copolymer (P-4) obtained by the 
following fu-st and second processes for 100 weight parts of gypsum hemihydrate 
(calcined gypsum): 

First process: Process of obtaining copolymers with weight-average molecular 
weight of 42300 by radical polymerization of radical reactive monomer mixture 
containing maleic anhydride and a-allyl-w-methyl-polyoxyethylene (n=70) at molar ratio 

of 60/40 and with total of 100 molar %. 

Second Process: Process of obtaining graft copolymer (P-4) by graft reaction 
of 100 weight parts of copolymers obtained in the first process and 1 .5 weight parts of 
lauryl-w-hydoxy-polyoxyethylene (n=3) polyoxypropylene (m=32). 

Embodiment 5: Gypsum slurry composition with water-to-gypsum ratio of 
50 weight % and containing 0.04 weight parts of graft copolymer (P-5) obtained by the 
following first and second processes for 100 weight parts of gypsum hemihydrate 
(calcined gypsum): 

First process: Process of obtaining copolymers with weight-average molecular 
weight of 47500 by radical polymerization of radical reactive monomer mixture 
contaming maleic anhydride, o-allyl-w-hydroxy-polyoxyethylene (n=80) 
polyoxypropylene (m= 10) and styrene at molar ratio (maleic anhydride/o^allyl-w- 



TKMTP125 



8 



hydroxy-polyoxyethylcne (n=80) polyoxypropylcne (m= 10)) of 59/41 and with toul of 
100 molar %. 

Second Process: Process of obtaining graft copolymer (P-5) by graft reaction 
of 100 weight parts of copolymers obtained in the first process and 4 weight parts of o. 
lauryl-«-hydoxy-polyethylene (n=3) polyoxypropylene (m=32). 

Embodiment 6: Gypsum slurry composition with water-to-gypsum ratio of 
50 weight o/o and contaming 0.04 weight parts of partially neutralized saU (P-6) of graft 
copolymer obtained by the following first, second and third processes for 100 weight 
parts of gypsum hemihydrate (calcined gypsum): 

First process: Process of obtaining copolymers with weight-average molecular 
weight of 33400 by radical polymerization of radical reactive monomer mixture 
containing maleic anhydride and a-allyl-co-acetyl-polyoxyethylene (n=50) at molar ratio 

of 60/40 and with total of 100 molar %. 

Second Process: Process of obtaining graft copolymer (P-4) by graft reaction 
of 100 weight parts of copolymers obtained in the first process and 0.8 weight parts of a- 
oleyl-a)-hydoxy-polyoxyethylene (n=6) polyoxypropylene (m=43). 

Third process: Process of obtaining partially neutralized salt (P-6) of graft 

copolymer by a partial neutralization process on the graft copolymer obtained m the 
second process with sodium hydroxide. 

Embodiment 7: Gypsum slurry composition with water-to-gypsum ratio of 
35 weight % and containing 0.3 weight parts of aforementioned graft copolymer (P-2) as 
dispersant for gypsum. 

Embodiment 8: Gypsum slurry composition with water-to-gypsum ratio of 
35 weight % and containmg 0.3 weight parts of aforementioned graft copolymer (P-3) as 
dispersant for gypsum. 
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Embodiment 9: Gypsum slurry composition with water-to-gypsum ratio of 
35 weight % and containing 0.3 weight parts of aforementioned graft copolymer (P-5) as 
dispersant for gypsum. 

Embodiment 10: Gypsum slurry composition with water-to-gypsum ratio of 
35 weight % and containing 0.3 weight parts of completely neutralized salt (P-8) of graft 
copolymer obtamed by the following first, second and third processes for 100 weight 
parts of gypsum hemihydrate (calcined gypsum): 

First process: Process of obtaining copolymers with weight-average molecular 
weight of 15000 by radical polymerization of radical reactive monomer mixture 
containing maleic anhydride and o.allyl-(0-acetyl-polyoxyethylene (n=10) at molar ratio 

of 60/40 and with total of 100 molar %. 

Second Process: Process of obtaining graft copolymer (P-4) by graft reaction 
of 100 weight parts of copolymers obtained in the first process and 0.3 weight parts of a- 
oleyl-a)-hydoxy-polyoxyethylene (n=6) polyoxypropylene (m=43). 

Third process: Process of obtaining partially neutralized salt (P-8) of graft 

copolymer by a completely neutralization process on the graft copolymer obtained in the 
second process with sodium hydroxide. 

The invention is described next by way of test examples in order to describe the 
details and effects of this invention but these test examples are not intended to limit the 
scope of tiiis invention. 

Part 1 (Synthesis of gra ft copolvmers) 

Synthesis of graft copol ymer (P-l) 

Maleic anhydride 157g (1.6 moles) and a-allyl-co-acetyl-polyoxyethylene (n=10) 
539g (1.0 mole) were placed inside a reactor and after they were uniformly dissolved 
with stirring, the atmosphere was replaced with nitrogen. A radical polymerization 
reaction was initiated by adding azobisisobutylnitrile 3g while the reaction system was 
maintained at 70°C by means of a hot water tank. A total of 5g of azobisisobutylnitrile 
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was added further in divided parts and the radical polymerization reaction was completed 
in four hours. The copolymer thus obtained was analyzed and found to have weight- 
average molecular weight 15000 containing maleic anhydride and o^allyl-co-acetyl- 
polyoxyethylene (n=10) at molar ratio of 60/40 (as raw materials). Next, this copolymer 
5 lOOg a-oleyl-co-hydoxy-polyethylene (n=6) polyoxypropylene (m=43) 0.3g and 

tribuiylamine 2g as catalyst were placed in the reactor and the atmosphere was replaced 
with nitrogen. A graft reaction was carried out with stirring for four hours at 90°C to 
obtain graft copolymer (P-1). 

10 ^ ynfhe.^\^ of graft ^npnlymers (P-2VfP-5) and (R-l)-(R-5) 

Graft copolymers (P-2)-(P-5) and (R-l)-(R-5) were synthesized similarly to graft 
copolymer (P-1). Details of these graft copolymers thus synthesized are shown in Table 
1 below. 
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g Ynth^..is of nartia "Y »^ntr«li7.ed salt rP-6) of praft copolymer 

A 40% aqueous solution 250g of aforementioned graft copolymer (P-2) was 
placed inside a reactor and a 30 weight % aqueous solution of sodimn hydroxide 12.7g 
was gradually added with stirring to carry out partial neutralization and partially 
neutralized salt (P-6) of graft copolymer was obtained. Its degree of neutralization was 



20 82%. 



c;,^t^.c;c p.rfi«11v neutrali ^'-H «.lt (V-l^ of graft copolymer 

A 40% aqueous solution 250g of aforementioned graft copolymer (P-3) was 
placed inside a reactor and a 30 weight % aqueous solution of sodium hydroxide 13.7g 
25 was gradually added with stirring to carry out partial neutralization and partially 

neutralized salt (P-7) of graft copolymer was obtained. Its degree of neutralization was 



61%. 



30 



g^ mthP.i. of comf i^t.lY neutralized salt (P-8) of praft copolymer 

A 40% aqueous solution 250g of aforementioned graft copolymer (P-1) was 
placed inside a reactor and a 30 weight % aqueous solution of sodium hydroxide 55.7g 
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was gradually added with stirring to carry out complete neutralization and completely 
neutralized salt (P-8) of graft copolymer was obtained. 

Q Ynthe.k of com r^^^^iy i^^^tralized s^^lt (P-Q) of praft copolymer 

A 40% aqueous solution 250g of aforementioned graft copolymer (P-4) was 
placed inside a reactor and a 30 weight % aqueous solution of sodium hydroxide 11. 7g 
was gradually added with stirring to carry out complete neutralization and completely 
neutralized salt (P-9) of graft copolymer was obtained. Details of these salts of graft 
copolymers thus synthesized are also shown in Table 1 below. 



Table 1 



Type of 
graft co- 
polymer 
sub- 
stance 



P-1 
P-2 
P-3 
P-4 
P-5 
P-6 
P-7 
P-8 
P-9 



R-1 

R-2 
R-3 
R-4 
R-5 



First process (synthesis of copolymer) 



Molar % of monomers 



(1) Maleic 
anhydride 



(2) Monomer 
shown by 
Formula 1 



Molar % 



60 
60 
60 
60 
58 
60 
60 
60 
60 



60 

60 
60 
50 
60 



Kind 


Molar 




% 


B-1 


40 


B-2 


40 


B-3 


40 


B-4 


40 


B-5 


40 


B-2 


40 


B-3 


40 


B-1 


40 


B-4 


40 


B-1 


40 


B-1 


40 


B-3 


40 


B-4 


40 


BR-1 


40 



Other 
monomers 



Kind 



Molar 

% 



(l)/(2) 
(Molar 

%) 



C-1 



C-1 



10 



60/40 
60/40 
60/40 
60/40 
59/41 
60/40 
60/40 
60/40 
60/40 



60/40 
60/40 
60/40 
56/44 
60/40 



Weight- 
average 
mole- 
cular 
weight 



15000 
33400 
28000 
42300 
47500 
33400 
28000 
15000 
42300 



15000 
15000 
28000 
31000 
82000 



Second 

process 
(synthesis of 
graft 

copolymer) 



'1 



D-1 
D-1 
D-1 
D-2 
D-2 
D-1 
D-1 
D-1 
D-2 



Third 
process: 
(synthesis 
of salt of 
graft co- 
polymer) 



D-1 

D-1 

DR-1 

DR-2 

D-2 



0.3 
0.8 
3.0 
1.5 
4.0 
0.8 
3.0 
0.3 
1.5 



Kind of 
basic 

compound 



0.01 

10 

3.0 

3.0 

2.5 



NaOH 
NaOH 
NaOH 
NaOH 



Tn Table 1: 

*1- Polyether compound shown by Formula (2) ft^^^^tj^n 
15 *2- Weight part of polyether compound shown by Formula (2) used m graft reaction 

with 100 weight parts of copolymer obtained in the first process 

B-1: a-allyl-cd-acetyl-polyoxyethylene (n=10) 

B-2: a-allyl-w-acetyl-polyoxyethylene (n=50) 

B-3: a-allyl-co-methyl-polyoxyethylene (n=33) 
20 B-4: a-allyl-w-methyl-polyoxyethylene(n=70) , , _im 

B-5: a-allyl-co-hydroxy-polyoxyethylene (n=80) polyoxypropylene (m-10) 

C-1: Styrene 
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D-1 • a-oleyl-w-hydroxy-polyoxyethylene (n=6) polyoxypropylene (m-43) 
D-2: a-lauryl-w-hydroxy-polyoxyethylene (n=3) polyoxypropylene (m-32 
BR- 1 : a-allyl-w-acetyl-polyoxyethylene (n=l 60) 
DR-1: o-lauryl-w-hydroxy-polyoxyethylene (n=15) 
DR-2: a-oleyl-«-hydroxy-polyoxyethylene (n=50) 

Part 2 rPreparation of gy psum slurry compositions) 



Test Example 1 

Gypsum hemihydrate (calcined gypsum for pottery type material A grade 
produced by Maruishi Gypsum Co., Ltd.) 2500g, water 1245g and 30% aqueous solution 
3.3g of graft copolymers synthesized in Part 1 were sequentially placed inside a 5-liter 
hobart mixer and kneaded together for three minutes to obtain a gypsum slurry 
composition with the water-to-gypsum ratio of 50 weight %. 

Test Examples 2-12. Com parison Examples 2-7 and 9-14 

Gypsum slurry compositions of Test Examples 2-12 and Comparison Examples 2- 
7 and 9-14 were similarly prepared as in Test Example 1. 



Comparison Example 1 

Gypsum hemihydrate (calcined gypsum for pottery type material A grade 
produced by Maruishi Gypsum Co., Ltd.) 2500g and water 1245g were placed insid 
liter hobart mixer and kneaded together for three minutes to obtain a gypsum slurry 
composition with the water-to-gypsum ratio of 50 weight %. 



Comparison Example 8 

Gypsum hemihydrate (calcined gypsum for pottery type material A grade 
produced by Maruishi Gypsum Co., Ltd.) 3000g and water 1029g were placed insid 
liter hobart mixer and kneaded together for three minutes to obtain a gypsum slurry 
composition with the water-to-gypsum ratio of 35 weight %. 



Part 3 fEvahiation of evpsum slurry compositions) 
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The gypsum slmry compositions prepared in Part 2 were evaluated regarding flow 
value, flowrate increase, air content, compressive strength and flexural strength. The 
results of the evaluation are shown in Table 2. 

The now value (in units of mm) was obtained according to IIS-R5201 by filling a 
flow cone with each gypsum slurry, measuring the diameter of the spread at two plac« 
when the flow cone has been raised and calculating their average as the flow value. The 
flowrate inc^ase (in unit of %) was calculated as {(the flow value of each Test 
ExampleHthe flow value when graft copolymer is not added))/(the flow value when 
graft copolymer is not added)) x 100. The air content was measured by the so-called 
weight method according to JIS.R5213. The compression strength (in units otN/mm ) 
was me^ured by producing a sample of 4x4xl6cm wift prepared slurry, cunng .t at 
temperature of 20-C and humidity of 80% and measuring the strength of the one-day old 
sample accordingto JIS-R5201. The flexural strength (in unit of N/mmVas measured 
by producing a s^ple of 4x4xl6cm with prepared slurry, curing it at temperature of 
20°C and humidity of 80% and measuring the strength of the one-day old sample 

according to JIS-R5201 . 

It should be clear 6om Table 2 that the present invention provides gypsum slurry 
compositions having sufficient fluidity, generating less air bubbles at the time of 
production and hence capable of producing molded products witt. superior str^gths. 
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Table 2 





Graft copolymer 


Water/ 


Flow 


L kyjyy lCi\\/ 


Air 




PlPYllfJl] 
I ICALUul 




substance 




value 


11 Xv i. V O i9 w 


V/V/illwill 


ou. vxi^ m 


ctrpn otV> 

3U Vll^Ul 






ivano 


ratio (%) 


(mm) 


(%) 


(%) 


(nW) 


(N/mm^) 


Test 




















r-i 


U.U4 






J?1 1 


0 1 


1 1 4 


1 7 
j» / 


2 


r-z 


U,U4 


so 


I'M 


RS 9 


0 1 


1 1 Q 


1 0 




D 7 

r-j 


U.U4 


so 


940 


87 S 


0 9 


1 1 7 
11./ 


1 R 
J.O 


4 


r-4 




SO 






0 9 


1 1 S 

L l.J 


1 ft 

J.O 


5 


r-j 


V.U4 


so 




7Q 7 


0 4 


1 1 1 
1 1 .J 


1 7 
J. / 


6 


P-6 


0.04 


50 




78 Q 


04 


1 1 7 
i 1 .z 


1 S 

J.O 


7 


P 7 


U.Un 


so 




XO 4 


0 4 


11 9 


1 0 


Comp. 

1 
1 






so 




0 

V 


0 s 

V.J 


10 4 
1 v.H 


1 1 
J.J 


0 


D 1 


U.U4 


so 


917 


S 


1 7 




1 n 




R-2 


0.04 


SO 


919 


f^S ^ 

OJ.U 


1 n 


0 9 


9 0 


4 


R-3 


0.04 


SO 


IXS 


44 S 


9 f=i 


0 s 

V.J 


1 1 
J. 1 


5 


p_ii 


(\ (\A 


50 


160 


25.0 


3.8 


8.8 


2.8 


6 


X> ^ 
K-J 


U.l/4 


50 


143 


11.7 


1.5 


9.7 


3.2 


7 


P ^ 


U.U4 


50 


150 


17 9 


1 0 




1 1 
J.J 


Te<if 


















Q 
o 


D 0 
r-Z 


n 'J 
U.i 


'^S 




1 1fi 


0 1 


90 R 


A 1 


Q 






'^S 


941 


iHJ 


n 9 
u.z 


9n ft 


A 1 


1 v 


P-5 


0.3 


^s 


919 


1 19 


0 1 

V.J 


90 S 

/.V.J 


4 t 


11 


P-8 


0.3 


35 


220 


120 


0.3 


20.0 


4.0 


12 


P-9 


0.3 


35 


237 


137 


0.3 


20.7 


4.4 


Comp. 
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35 


100 


0 


*3 


*3 


•3 


9 


R-1 


0.3 


35 


170 


70 


2.0 


18.6 


3.8 


10 


R-2 


0.3 


35 


140 


40 


3.1 


17.5 


3.7 


11 


R-3 


0.3 


35 


120 


20 


3.5 


16.4 


3.2 


12 


R-4 


0.3 


35 


100 


0 


*3 


*3 


♦3 


13 


R-5 


0.3 


35 


100 


0 


*3 


*3 


*3 


14 


R-7 


0.3 


35 


110 


10 


3.2 


17.3 


3.8 



In Table 2: 



Ratio of graft copolymer substance: Weight part of graft copolymer substance used per 
5 1 00 weight parts of gypsum hemihydrate 

R-6: Dispersant for gypsum of naphthalene sulfonate type (trade name POLEFINE 
510-AN produced by Takemoto Yushi Kabushiki Kaisha) 

R-7: Dispersant for gypsum of polycarboxylic acid type (trade name CHUPOL HP-1 1 
produced by Takemoto Yushi Kabushiki Kaisha) 
10 *3 : There was no fluidity and no measurement was taken 
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